Introduction {#S0001}
============

Over the past decades, the techniques of thyroid operations have undergone small changes only; however, the last twenty years have seen dynamic development of new instruments that has had a significant impact on the improvement of old and introduction of new surgical techniques \[[@CIT0001]\]. Today, thyroidectomy is among the most commonly performed procedures involving the endocrine glands and the development of advanced surgical methods combined with the determination to perform the operation in a manner that is minimally invasive for the patient has considerably increased the need for instruments that limit surgical trauma. Appropriate hemostasis and atraumatic tissue dissection in addition to protecting the tissues against excessive thermal injuries leading to their structural damage have provided foundations for developing an instrument that would combine precision and versatility with safety for the surrounding structures. The ultrasonic knife introduced to operating rooms at the turn of the 20^th^ and 21^st^ centuries has provided new opportunities for safe sealing of blood vessels combined with a minimal thermal effect exerted on the neighboring tissues \[[@CIT0002]--[@CIT0004]\]. The operation of a harmonic scalpel based on high-frequency vibrations (55 000 Hz) allows for dissection of blood vessels with simultaneous coagulation and at the same time with minimal lateral thermal tissue damage. Surgical treatment of thyroid diseases is associated with complications, of which bleeding is among the most severe. However, appropriate and cautious surgical techniques combined with exercising care to fully identify anatomical structures have significantly decreased the number of such complications.

Aim {#S0002}
===

The objective of the present report was to demonstrate the benefits derived from using a new tip for the ultrasonic harmonic shears (FOCUS) that has been created solely to meet the needs of endocrine surgery in maintaining appropriate intraoperative hemostasis as compared to traditional methods of ligating and thermal coagulation of thyroid vessels.

Material and methods {#S0003}
====================

Study design and patient selection {#S20004}
----------------------------------

Two hundred and fifty-two patients were referred to the Department of Endocrine Surgery, Third Chair of General Surgery, Jagiellonian University College of Medicine in Krakow, Poland, for thyroid surgery between 09/2010 and 08/2011. Of this group, 119 patients, who were considered for total thyroidectomy for non-toxic multinodular goiter, underwent office high-resolution Doppler ultrasound of the neck with both 7.5 MHz and 12 MHz linear array transducers (Logiq 7; GE, Solingen, Germany) performed by a single endocrine surgeon (MB) with evaluation of the thyroid volume, and distribution and measurements of thyroid nodules. Finally, 82 eligible patients were included in the study. They signed the informed consent form and were randomized with the sealed envelope method (1: 1) to two equal-sized (*n* = 41) groups. The flow diagram of this study is presented in [Figure 1](#F0001){ref-type="fig"}. The eligibility criteria included bilateral, non-toxic multinodular goiter, absence of both echographic and biochemical signs of thyroiditis, no previous neck surgery or neck irradiation, and no suspicion of thyroid malignancy in the fine-needle aspiration biopsy (FNAB) report. The characteristics of the two groups of patients who underwent thyroidectomy with the harmonic FOCUS (HF-G) and without the harmonic FOCUS (CL-G) are presented in [Table I](#T0001){ref-type="table"}. The inclusion criterion was bilateral non-toxic multinodular goiter qualified for first-time total thyroidectomy. The exclusion criteria included previous thyroid or parathyroid surgery, toxic goiter, FNAB report suspicious of thyroid cancer, history of irradiation, thyroiditis, preoperatively diagnosed recurrent laryngeal nerve palsy, pregnancy or lactation, age below 18 years, high-risk patients ASA (American Society of Anesthesiologists) grade 4, and inability to comply with the scheduled follow-up protocol. In HF-G, the Ultrasonic Harmonic FOCUS device (Ethicon Endo-Surgery, Cincinnati, OH, USA) was used to dissect the tissues and to achieve hemostasis, whereas in CL-G, the standard surgical clip-ligation technique for major vessels and bipolar coagulation of minor vessels were used during the operation. The patients were blinded to the relevant group assignment. The primary endpoint of the study was the operating time, whereas the secondary endpoints included blood loss, complications, and cost-effectiveness. The study was approved by the Bioethics Committee of the Jagiellonian University.

![Flow diagram of the study\
HF -- ultrasonic harmonic FOCUS dissecting shears](WIITM-7-19356-g001){#F0001}

###### 

Characteristics of the two groups of patients who underwent total thyroidectomy with (HF-G) and without (CL-G) Ultrasonic Harmonic FOCUS dissecting shears

  Parameter                        HF-G         CL-G         Value of *p*
  -------------------------------- ------------ ------------ -----------------------------------------
  Sex (male/female)                7/34         8/33         0.72^[†](#TF0001){ref-type="table-fn"}^
  Age \[years\]                    41.1 ±7.5    42.0 ±7.5    0.27^[‡](#TF0002){ref-type="table-fn"}^
  Thyroid volume \[ml\]            47.5 ±17.6   50.9 ±15.9   0.44^[‡](#TF0002){ref-type="table-fn"}^
  Preoperative diagnosis:                                    
   Multinodular non-toxic Goiter   41           41           1.0^[†](#TF0001){ref-type="table-fn"}^

Values represent mean ± standard deviation, unless otherwise indicated.

χ^2^ test

t-test

Randomization {#S20005}
-------------

Randomization was performed by a computer and sequencing was based on permuted blocks of 3 and 2 to balance the number of patients in the treatment groups. The patients were randomly allocated to one of the treatment groups in a 1: 1 ratio. Information on the Harmonic FOCUS use remained in consecutively numbered and sealed envelopes that were stored in a specific box in the operating theater. An envelope containing the allocation was added to the patient\'s file once he had entered the operating room. In this way, the patient was blinded to the relevant group assignment. Then, the envelope was opened and the surgeon performed the assigned intervention.

Anesthesia {#S20006}
----------

All the total thyroidectomy procedures were performed under general anesthesia. Two anesthesiologists involved in the study followed a strict protocol including premedication with intravenous (IV) midazolam and anesthesia induction with fentanyl, thiopental and pancuronium at a body mass-dependent dose. After the endotracheal intubation, all the patients were put on mechanical ventilation (sevoflurane and oxygen mixture). In the course of the operation, all the patients received an IV infusion of Ringer\'s solution (15 ml/kg). To prevent postoperative vomiting, IV metoclopramide was administered prior to awakening.

Surgical technique {#S20007}
------------------

All the operations consisted of total extracapsular thyroidectomy and were performed by the same experienced endocrine surgeons involved in the study.

Intraoperative evaluation {#S20008}
-------------------------

The following parameters were recorded during surgery: operative time (skin incision to skin closure), intraoperative exposure of the recurrent laryngeal nerve and parathyroid glands, blood loss, the number of clips used, the number of vessels coagulated with bipolar coagulation and the number of ligatures used.

Postoperative follow-up {#S20009}
-----------------------

Neither the patients nor the nurses knew the relevant group assignment. Over-night hospitalization was mandatory for all the patients. For adequate evaluation of biochemical hypocalcemia, blood samples were analyzed in the morning after surgery and on the second postoperative day. Indirect laryngoscopy with a mirror was mandatory on the next day following the operation, being performed by an independent ENT specialist to assess recurrent laryngeal nerve morbidity. In cases of recurrent nerve palsy, an additional ENT examination was scheduled at 1, 3, 6 and 12 months following surgery.

Cost-effectiveness analysis {#S20010}
---------------------------

For the cost-effectiveness analysis we used the official in-hospital price list for medical procedures of our hospital (4 EUR per minute of operating theater use, 4 EUR per minute of general anesthesia, 3 EUR per clip, 3 EUR per ligature, 100 EUR for the use of bipolar coagulation), the cost of the Harmonic FOCUS device and the savings in the operating time.

Statistical analysis {#S20011}
--------------------

The sample size was estimated based on the principle of detecting a 20% difference in the operating time with an 80% probability at *p* \< 0.05. The statistical significance of categorical variables was evaluated by the χ^2^ test, whereas the unpaired Student\'s *t* test was used for the evaluation of continuous variables (Statistica, Stat-Soft, Katowice). All the data were entered into a dedicated spreadsheet (Microsoft Excel 2002; Microsoft Corporation, San Jose, CA) by a medical assistant and then analyzed by a statistician. Value of *p* \< 0.05 was considered to indicate significance.

Results {#S0012}
=======

Eighty-two patients were selected from the above group and divided into two age and goiter size matched groups of 41 subjects each; all these patients underwent total thyroidectomies. Indications for the procedure included multinodular goiter. The results are presented in [Table I](#T0001){ref-type="table"}, while [Table II](#T0002){ref-type="table"} illustrates the intraoperative and follow-up data. The mean operative time in the Harmonic FOCUS group (HF-G) was 45.4 ±8.7 min, ranging from 33 min to 121 min. In the CL-G group, where clip ligation and bipolar coagulation were employed, the mean operative time was 64.5 ±14.2 min, ranging from 45 min to 137 min. Comparing the mean operative times, the authors observed a statistically significant difference between the groups (*t*-test: *p* \< 0.001). No significant differences were noted in goiter size or duration of hospitalization. The mean length of skin incision was similar in the two analyzed groups, ranging from 5 cm to 7 cm. Subsequent assessment focused on the mean postoperative blood loss. In the HF-G group, the value was 29.9 ±9.8 ml, while the corresponding volume in the CL-G group was 56.8 ±11.0 ml, the difference being statistically significant (*t*-test: *p* \< 0.001). No early reoperations due to bleeding were noted in the two groups. No significant difference was observed in the risk of transient recurrent laryngeal nerve palsy and hypoparathyroidism. In each group, transient recurrent laryngeal palsy was noted in 1 patient; 4 HF-G patients and 2 CL-G patients demonstrated a drop in calcium levels below the normal value of 2.0 mmol/l. Cosmetic aspects assessed by a visual analog scale were evaluated 1 month postoperatively. In both roups, the results were similar, the mean score being 82.9 ±7.7 in the HF-G group and 81.9 ±5.4 in the CL-G group. The difference was non-significant (*t*-test; *p* \< 0.001). The total cost of the procedure performed employing the harmonic shears was lower (adjusted for Polish conditions); when converted from Polish zlotys to EUR, it was 666.2 ±37.5 EUR in the HF-G group and 718.0 ±69.2 EUR in the CL-G group (*p* \< 0.01).

###### 

Intraoperative and follow-up data

  Parameter                         HF-G          CL-G          Value of *p*                                        
  --------------------------------- ------------- ------------- --------------------------------------------- -- -- --
  Operative time \[min\]            45.4 ±8.7     64.5 ±14.2    \< 0.001^[†](#TF0003){ref-type="table-fn"}^         
  Blood loss \[ml\]                 29.9 ±9.8     56.8 ±11.0    \<0.01^[†](#TF0003){ref-type="table-fn"}^           
  Clips/ligatures used (*n*)        1/0           3 ±1/31 ±5    \< 0.001^[‡](#TF0004){ref-type="table-fn"}^         
  Vessels secured with BC (*n*)\*   0             32 ±12        \< 0.001^[‡](#TF0004){ref-type="table-fn"}^         
  Complications (*n*):                                                                                              
   Wound seroma                     0             1             0.31^[†](#TF0003){ref-type="table-fn"}^             
   Transient hypocalcemia           4             2             0.55^[†](#TF0003){ref-type="table-fn"}^             
   Transient RLN paresis            1             1             0.31^[†](#TF0003){ref-type="table-fn"}^             
  Postoperative stay \[days\]       1.3 ±0.5      1.4 ±0.6      0.51^[‡](#TF0004){ref-type="table-fn"}^             
  Costs of the operations \[EUR\]   666.2 ±32.1   718.0 ±27.2                                                       

Values represent mean ± standard deviation, unless otherwise indicated. BC -- bipolar coagulation, VAS -- visual analogue scale (points), RLN -- recurrent laryngeal nerve.

χ^2^ test

t-test

Discussion {#S0013}
==========

The thyroid is one of the largest endocrine glands in humans. Blood flow through the gland is approximately 8 ml/100 g/s and it may double in hyperthyroid states (16-17 ml/100 g tissue/s). Thus, the thyroid is the best blood-supplied organ in our body. The development of operative techniques in endocrine surgery, and especially in thyroid surgery, was for many years limited by the need to achieve appropriate hemostasis. Intraoperative and postoperative bleeding frequently led to serious consequences, from immediate reoperation to severe damage of vitally important structures, such as laryngeal nerves and parathyroids. Such complications were predominantly the consequence of inappropriate identification of thyroid-surrounding tissues and lack of care to perform atraumatic tissue dissection. Traditional thyroidectomy based on blood vessel ligation using ligatures or vascular clips became a time-consuming procedure, associated with a risk of postoperative bleeding. Unfortunately, the technique also restricted the development of minimally invasive operations, where pain reduction and good cosmetic effects were achieved. Procedures performed in a small surgical field were limited by technical capabilities. The introduction of bipolar pincers allowed for safe coagulation of small blood vessels; nevertheless, surgery continued to pose a grave risk of lateral thermal damage of the nerves and parathyroids while dissecting the thyroid.

At the end of the 20^th^ century, a new device was introduced to operating theatres, namely the ultrasonic scalpel, which ideally reconciled the need of appropriate hemostasis with atraumatic tissue dissection. The effect exerted by the shears on the tissue can be basically divided into three periods, depending on three different physico-chemical phenomena, namely coaptation, cavitation and coagulation, occurring with the temperature curve increasing in time. This allowed for sealing blood vessels with a diameter as small as 5 mm without a need for additional protection by ligation, thus significantly shortening operative time and decreasing the use of material (sutures, clips). The first complete report based on randomized studies on the use of the ultrasonic shears in thyroid surgery was prepared by Voutilainen *et al*., based on a small group of patients. Of 36 individuals, the authors selected 19 and subjected them to procedures performed using the harmonic scalpel, noting a mean decrease of operative time by 35 min. The results were concordant with other publications presenting randomized studies of surgical patients \[[@CIT0005], [@CIT0006], [@CIT0008], [@CIT0009]\]. A decreased operative time both for unilateral lobectomies and for minimally invasive video-assisted total thyroidectomies (MIVAT) was also observed by the team headed by Professor P. Miccoli. Initially, the too small group of patients in whom the ultrasonic shears were employed (only 26 of 116 individuals included in the study) did not allow for a firm opinion on the advantages and disadvantages of the new instrument \[[@CIT0002]\]. Nevertheless, the subsequent reports published by Professor Miccoli\'s team (833 patients) unambiguously confirmed a significant decrease in operative time to the mean value of 36 min for lobectomies and 46 min for thyroidectomies, combined at the same time with a low rate of permanent complications: unilateral palsy of the recurrent laryngeal nerve in 7 patients (0.8%) and fixed hypoparathyroidism in 2 individuals (0.3%) \[[@CIT0003]\].

The use of the ultrasonic scalpel significantly decreased blood loss. Numerous randomized trials that focused both on open technique and on video-assisted procedures performed in simple and hyperthyroid goiter (Graves disease) reported a decrease of intraoperative blood loss with a simultaneous reduction of postoperative drainage \[[@CIT0004], [@CIT0007], [@CIT0009], [@CIT0012], [@CIT0016], [@CIT0021]\].

The problem of permanent paralysis of vocal cords and hypoparathyroidism occurring in procedures performed using the ultrasonic scalpel was reflected in numerous publications. The reports of Marcesi *et al*. and Voutilainen *et al*. and the commentary written by Professor Dionigi \[[@CIT0010], [@CIT0022], [@CIT0028]\] presented the dangers and consequences resulting from using the instrument, whose thermal effect on the laryngeal nerves and parathyroid glands had not been fully elucidated. The papers emphasized an increased incidence of such complications, which resulted from the lateral thermal effect of the scalpel tip on vitally important structures. The above-mentioned concerns were not supported by numerous randomized studies \[[@CIT0016], [@CIT0019], [@CIT0020], [@CIT0021]\], the authors of which stressed that although the new instrument was very useful in tissue preparation and dissection with simultaneous coagulation, the surgeon was not released from the obligation to correctly and safely identify the surrounding tissues; nor was he allowed to carelessly use the new shears in the close vicinity of the nerves and parathyroid glands. Incidentally, the above words of caution should not refer only to the harmonic scalpel, but also to traditional methods of vessel coagulation \[[@CIT0023]--[@CIT0025]\].

The new tip of the ultrasonic shears -- HARMONIC FOCUS -- introduced in 2008 is a new generation instrument; its curved tip allows for simultaneous dissection, coagulation and division of tissue structures, at the same time making it possible to safely seal blood vessels of a diameter as small as 5 mm. The surgical experience acquired to date in using the ultrasonic scalpel (HS CS-14C and HS ACE-14S tips) \[[@CIT0009], [@CIT0016]\] and the proven benefits, presented in the literature, resulting from using the instrument prompted the present authors to introduce the new generation ultrasonic scalpel while performing open thyroidectomies. The above quoted data derived from the literature on the currently used harmonic scalpel tips were fully confirmed in the results of the study of a randomized group of patients. The skills and experience acquired to date by the surgical team in using the ultrasonic shears have markedly facilitated the use of the Harmonic Focus tip in nodular goiter surgery.

It should be emphasized that in the two investigated groups of patients, both the operative time and blood loss were statistically lower in the Harmonic Focus group. Both the thyroid volume and the character of nodular lesions in the thyroid parenchyma of the 2 patient groups were comparable. A decreased operative time was observed in the HF-G group, the drop amounting to approximately 30% as compared to the CL-G group. At the same time, intraoperative blood loss decreased by approximately 47%. No statistical differences were noted in the number and quality of postoperative complications. Postoperative drainage was not employed routinely in all the patients; only a single patient demonstrated subcutaneous edema combined with exudate, which was drained postoperatively. No statistical inter-group differences in duration of hospitalization were noted. While analyzing economic benefits in particular groups, the authors observed a decrease in the total cost of the procedure of total thyroidectomy in patients with nodular goiter operated on using the ultrasonic scalpel. The mean total cost of the procedure (expressed in EUR and adjusted for Polish conditions) was lower by approximately 50-60 EUR in patients operated on using the ultrasonic shears. In the opinion of the present authors, both the reduction of operative time and lower (however slightly) costs of the procedure combined with a better use of the operating theater would significantly contribute to shortening the surgery waiting list, at the same time reducing the costs of operation. Very similar conclusions were presented in other publications on the subject. The reports of Ortega *et al*., Barczyński *et al*., and Lombardi *et al*. \[[@CIT0005], [@CIT0016], [@CIT0019]\] that focused on randomized groups of patients treated surgically for thyroid diseases not only demonstrated the above difference in operational time, but also a real decrease of the total costs of hospitalization.

In summary, the harmonic scalpel has become an instrument that can be used in all soft tissue procedures. It has allowed for simultaneous hemostasis, tissue preparation and a low-temperature effect on adjacent structures. More than 10 years of experience in employing the scalpel have provided us with strong arguments for advocating its wide use. Its effectiveness has been unambiguously proven in thyroid surgery, both in minimally invasive (video-assisted) and in open thyroidectomies.

Conclusions {#S0014}
===========

In total thyroidectomy operations, the harmonic FOCUS is safe and facilitates dissection, allowing for a significant decrease in operative time. Other benefits include lower blood loss and a slightly decreased cost of the procedure.
